e main purposes of the study were to test the performance of the Revised Universal Soil Loss Equation (RUSLE) and to understand the key factors responsible for generating soil erosion in the Nanling National Nature Reserve (NNNR), South China, where soil erosion has become a very serious ecological and environmental problem. By combining the RUSLE and geographic information system (GIS) data, we first produced a map of soil erosion risk at 30 m-resolution pixel level with predicted factors. We then used consecutive Landsat 8 satellite images to obtain the spatial distribution of four types of soil erosion and carried out ground truth checking of the RUSLE. On this basis, we innovatively developed a probability model to explore the relationship between four types of soil erosion and the key influencing factors, identify high erosion area, and analyze the reason for the differences derived from the RUSLE. e results showed that the overall accuracy of image interpretation was acceptable, which could be used to represent the currently actual spatial distribution of soil erosion. Ground truth checking indicated some differences between the spatial distribution and class of soil erosion derived from the RUSLE and the actual situation. e performance of the RUSLE was unsatisfactory, producing differences and even some errors when used to estimate the ecological risks posed by soil erosion within the NNNR. We finally produced a probability table revealing the degree of influence of each factor on different types of soil erosion and quantitatively elucidated the reason for generating these differences. We suggested that soil erosion type and the key influencing factors should be identified prior to soil erosion risk assessment in a region.
Introduction
Soil erosion is a vital environmental issue around the world leading to the destruction of soil resources, the decline of soil fertility, the deterioration of the ecological environment, and the elevation of riverbeds to exacerbate floods [1] [2] [3] [4] . As for South China, the area of soil erosion is reported about 300,000 km 2 , which is mainly distributed in the mountainous or hilly areas of red soil, of which the soil erosion rate can reach 15,000 t·km − 2 ·yr − 1 [5] . Soil erosion in this area, especially accelerated soil erosion induced by human activities, is extremely severe, and it has tremendous socioeconomic impact.
us, South China has long been an important region for soil erosion research. ere are many methods to assess soil erosion at varying scales [6] [7] [8] [9] .
e Revised Universal Soil Loss Equation (RUSLE) is the most widely used empirical model because of its simple, transparent, robust model structure and compatibility with geospatial platforms [10, 11] . Recently, many studies have reported to predict soil erosion by combining the RUSLE and geographic information system (GIS) [12] [13] [14] [15] [16] [17] . For example, Fayas et al. [18] evaluated the maximum average annual soil erosion of 103.7 t·ha − 1 ·yr − 1 in the Kelani River watershed in Sri Lanka. Panagos et al. [19] evaluated the mean soil loss rate was 2.46 t·ha − 1 ·yr − 1 in erosion-prone areas of the European Union. Zerihun et al. [20] classified NW Ethiopia into five soil erosion severity classes and estimated the total soil loss of 526.996 t·ha − 1 ·yr − 1 . Review of these studies reveals most have focused on quantitative assessments of soil loss, while few have considered the ground truth checking of the RUSLE and underlying key influencing factors of soil erosion.
Application of a soil erosion model alone in a region might produce many large differences when addressing localized erosion problems. is is because average rates of soil loss might be within tolerable limits, while the problem could be locally severe, i.e., the erosion model might underestimate the erosion risk in some land cover units within a watershed. erefore, ground truth checking is extremely important and it must be performed after application of the predicted model. e main factors affecting soil erosion are climate, topography, soil, vegetation, geology, and human activities [21, 22] . e RUSLE depends only on five factors, i.e., rainfall erosivity (R), soil erodibility (K), slope length and steepness (LS), cover management (C), and support practice (P); thus, there is potential for neglect of some other more important elements that influence local soil erosion, such as slope pattern, lithology, and distance to drainage networks. For different watersheds, the key factors responsible for generating soil erosion are obviously very different. Wu and Wang [23] studied the relationship between soil erosion and influencing factors in Fuyang County, China, and found that soil erosion exhibited high selectivity of geographical factors, such as elevation, slope, aspect, and land use. Ma et al. [24] found that the impact of land use pattern on soil erosion distribution had become increasingly important and suggested that more attention should be paid to the role of adjustment and optimization of land use structure in soil erosion control. Bohm and Gerold [25] confirmed the important role of vegetation in soil erosion, and they found a small effect of the soil texture and slope. Li and Tang [26] found that human activity was a very important factor in the lower reaches of the Jinsha River, China. Sachs and Sarah [27] highlighted that soil erosion was strongly influenced by soil type, slope rate, and vegetation type and coverage. Wang et al. [28] quantitatively tested the relationship between overall soil erosion and environment factors in the Nanling National Nature Reserve, China, and found that the soil erosion is mainly distributed in a specific range of environmental factors, such as 500-1300 m elevation, red and scrubby-meadow soil, and >40 slope. However, they did not further discuss the relationship between different types of soil erosion (rill erosion, sheet erosion, gully erosion, and human-induced erosion) and environmental factors. Meanwhile, they did not estimate total annual potential soil loss by the RUSLE model and thus not test the application of RUSLE in NNNR. erefore, prior to erosion modelling, it is essential not only to establish the land cover units that have high erosion rates but also to determine the underlying influencing factors of soil erosion. e overall objectives of this study were to assess soil erosion risks by combining RUSLE, GIS, and RS, to test the performance of the RUSLE, and to understand the key factors responsible for generating soil erosion. e specific objectives were as follows: (i) to derive the spatial distribution and type of soil erosion from RS and field measurement techniques, (ii) to map a soil erosion risk by integration of the RUSLE and GIS, (iii) to test the performance of the RUSLE by ground truth checking, and (iv) to understand the key factors responsible for generating soil erosion and the reasons for the differences derived from the RUSLE using GIS and the developed probability method. To achieve these objectives, the Nanling National Nature Reserve (NNNR), located in northern Guangdong Province, South China, was selected as the study area. Because of the complex function of natural and artificial factors, this area suffers from many environmental problems such as soil erosion, land resources destruction, soil fertility declination, and deterioration of the ecological environment.
Materials and Methodology

Characterization of the Study Area.
e Nanling National Nature Reserve (NNNR), was chosen as the case site ( Figure 1) , covers an area of 583.68 km 2 in northern Guangdong Province, South China. Lithologically, granitic rocks are widespread in the Nanling region, especially the Jurassic granitoid has the widest area. e topography is complex and controlled by the east-west mountain structure, with an elevation ranging from 202.1 m to 1902 m. e seismic acceleration in the study area is 0.05 g. e slope angle ranges from 0.0°to 64.3°with an average of 19.5°. e water system is dendritic and can be roughly divided into five levels (Figure 1) . From east to west, there are two main river basins: Nanshui River and Chengjia River. e area has a distinct vertical zonality of four major soil orders (red soil, red-yellow soil, yellow soil, and shrub meadow soil). Vegetation ranges from subtropical evergreen broad-leaved forests to alpine meadows. Currently, the forest coverage is above 90%.
e study area has a climate of subtropical monsoon. Multiyear average annual temperature is nearly 17.7°C. Multiyear average precipitation ranges from 1452.1 to 2154.5 mm (Figure 2(a) ). e frequency distribution of average monthly precipitation is shown in Figure 2 (b), from which we can see that June has the most precipitation, December has the least precipitation, and approximately 70% of rainfall is from March to July. e spatial distribution of different types of soil erosion in NNNR can be obtained by interpreting the remote sensing image. e type of soil erosion in NNNR can be roughly classified into four classes: rill erosion, sheet erosion, gully erosion, and human-induced erosion, which can be seen in Figure 3 , from which we can find that the different types of soil erosion have obvious differences in distribution characteristics and influence environmental factors in NNNR. To reduce soil erosion and its affects to ecological environment within the NNNR, it is very important and urgently needed to obtain the spatial distribution of soil erosion, identify the risks caused by the soil erosion, and determine the key factors that control different types of soil erosion.
Research Methodology.
e flow chart of the study is shown in Figure 4 . ere are three main parts in our study, that is, soil erosion estimation by RUSLE, ground truth checking of the RUSLE, and analysis of the key influencing factors of soil erosion. e details are as follows. 
Soil Loss Estimation by RUSLE.
e RUSLE model, which was used in this study to predict the soil loss and to identify the erosion-prone areas, can be expressed as [20, 29, 30] 
where A is the annual soil loss (t ha·yr − 1 ), R is the rainfall erosivity factor (MJ mm·ha − 1 ·h − 1 ·yr − 1 ), K is the soil erodibility factor (t ha h·ha − 1 ·MJ − 1 ·mm − 1 ), L is the slope length factor (contributing area), S is the slope steepness factor, C is the cover and management practice factor, and P is the erosion control practice factor. e rainfall data are mainly the daily rainfall data of the 11 rainfall stations in the study area from 2008 to 2016. Soil data are mainly for collecting soil samples in the field. e terrain data are mainly Digital Elevation Model (DEM). e cover and management practice and erosion control practice data are mainly derived from remote sensing images and field survey data. ese data were used to generate the RUSLE model input factors in equation (1), and the detailed calculation method is as follows.
R-factor is an index of rainfall erosivity that quantifies the potential capacity of rain to cause erosion. Many researchers have devoted establishing several simplified models between rainfall erosivity and daily/monthly/annual rainfall [31] [32] [33] [34] . Wang et al. [35] proposed an equation of Rfactor in Lianjiang basin in northern Guangdong Province based on monthly rainfall by using the 35 meteorological stations from 1980 to 2013, which is shown as follows:
where R is the rainfall erosivity factor (MJ mm·ha − 1 ·h − 1 ·yr − 1 ) and P m is the monthly rainfall (mm). e current research location is very close to that of the study location by Wang et al. [35] , so those two climatic conditions are similar. It is therefore used to calculate the R-factor of the study area. e rainfall data of the 11 rainfall stations in the study area from 2008 to 2016 were collected to estimate R-factor in NNNR. en, the spatially distributed map of R-factor can be generated by using the calculated R-factor and meteorological stations in ArcGIS.
Soil erodibility (K-factor) indicates the soil erosion sensitivity to rainfall and runoff detachment, which is an inherent property of the soil. It is also closely related to soil texture, structure, organic matter content, hydraulic properties, and wettability [36] [37] [38] .
is study used EPIC (Erosion Productivity Impact Calculator) model proposed by Williams et al. [39] to calculate K-factor in NNNR:
where K is the soil erodibility factor in t ha h·ha − 1 ·MJ − 1 ·mm − 1 , orgC is % organic matter, m s is % sand (0.05-2.0 mm size fraction), m silt is % silt (0.002-0.05 mm size fraction), and m c is % clay ( <0.002 mm size fraction). 32 soil samples were collected to determine the soil properties of NNNR. e sampling position should be chosen such that the soil sample can represent a different gradient distribution in the NNNR. In the laboratory, soil samples were passed through a 2 mm screen and soil properties were tested using the standard procedures. After calculating the K-factor of the soil sample in NNNR, a continuous K-factor grid surface was generated by spatial interpolation technique in ArcGIS. e dimensionless LS-factor represents the effect of terrain on soil erosion and is the product of the slope length factor (L) and the slope steepness factor (S). In this study, the combined LS-factor was calculated as the following equation using the DEM in ArcGIS 10.1 [40] :
where L is the slope length factor, S is the slope steepness factor, λ is the slope length extracted from DEM, m is the slope length and slope steepness index, and θ is the slope. e C-factor has been used to reflect the impact of vegetation cover and management practices on the soil erosion rate. e related scholars used different spectral vegetation indices and the fraction images from spectral mixture analysis of remotely sensed images to compute the C-factor [36, 41, 42] . In our study, the mean of NDVI generated from Landsat 8 images was used to calculate the Cfactor by using the equation proposed by Ostovari et al. [16] :
where α and β are the parameters defining the shape of the NDVI-C curve, and an α value of 2 and a β value of 1 provide reasonable results. e P-factor reflects the impact of conservation support practice to the soil loss rate [43] [44] [45] . Because the study area has high vegetation coverage and very little arable land that has no special conservation practices, the P-factor of the NNNR is set as 1.
To make the spatial data of different sources have the same coordinate system so as to improve the accuracy of data processing and superposition, each vector and raster layer must be coregistered to a common geographical coordinate. In this study, the reference of Universal Transverse Mercator system (UTM): WGS_1984_UTM_Zone_49N, was used to rectify and georeference each data. After generation of all the RUSLE factors (i.e., R-factor, K-factor, LSfactor, C-factor, and P-factor), the output of annual soil loss was calculated using a pixel-by-pixel method in ArcGIS 10.1. August 15, 2015 , was used to estimate the spatial distributions of soil erosion in the study area, which was also rectified and georeferenced to the same reference of WGS_1984_UTM_Zone_49N.
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Ground Truth Checking of the RUSLE. A Landsat 8 satellite image (no. LC81230432015106LGN00) taken on
e overall spatial distribution of soil erosion was first estimated by using the Support Vector Machine Supervised Classification of the ENVI 5.1 platform based on the remote sensing image characteristics. en, the distributions of four types of soil erosion were further subdivided based on the RS spectral characteristics, terrain slope, and geometric shape. Finally, the interpreted results were validated by the intensive fieldwork. Fieldworks were undertaken several times in 2016, 2017, 2018, and 2019. Field investigations and sampling were conducted along the contour line within walking distance. For different types of soil erosion, representative sample locations were identified and their geographic coordinates were recorded using a global positioning system receiver.
ese locations were later used as samples (in total 32 samples) to assess image classification accuracy. For very important but inaccessible areas of erosion in the NNNR, we used an unmanned aerial vehicle (UAV) to survey the soil erosion for the verification of the interpreted results (in total five UAV samples). More than 4000 field pictures were also taken for visual verification of the interpreted results. After verification of the interpreted result, the ground truth checking of the RUSLE can be carried out for assessing the performance of the RUSLE in its application to the NNNR by using spatial overlay analysis function in ArcGIS 10.1.
Analysis of the Key Influencing Factors of Soil Erosion.
After ground truth checking, the differences between the RUSLE results and the actual situation can be obtained. In order to find out the reason for the differences between the RUSLE results and the actual situation, the underlying key influencing factor must be determined first. Generally, the extent and magnitude of soil erosion are determined by its key geoecological factors, such as climate, topography, soil, vegetation, geology, and human activities. us, the following six categories of 10 variables which closely related to local soil erosion are selected: geology (lithology), topography (LSfactor, elevation, slope type, and aspect), soil (K-factor), climate (R-factor and 10-min maximum wind speed), vegetation (C-factor), and anthropogenic activity (distance to the drainage network). Here, a probability method was developed as follows [28] :
where CF i is the certainty coefficient of the i-th data class, P ai is the conditional probability of soil erosion in data class i, P s is the a priori probability of soil erosion in the study area (constant), and i is the number of the data class in a factor, i � 1, 2, . . . , n. e value of P ai can be calculated as
where a i is the area of soil erosion in data class i and A i is the area of data class i. e value of P s can be calculated as
where s i is the area of soil erosion in the study area, which is equal to the area of the interpreted results of soil erosion; here, S i is the area of the NNNR. Each factor was first classified into several data classes according to its special attributes.
en, the area of soil erosion in each data class and the area of each data class were calculated using zonal statistics methods in ArcGIS. Finally, the values of P s , P ai , and CF i were calculated using equations (8), (7) , and (6), respectively. e calculated certainty coefficient CF value ranges from − 1 to 1. When the CF value is close to 1, the certainty of soil erosion is great and soil erosion is likely to occur [28] . Conversely, when the CF value is close to -1, the certainty of soil erosion is low and soil erosion is less likely to occur. According to the calculated CF value of each data class, the probability of soil erosion in each data class could be obtained. e maximum CF value of all data classes in a factor was defined as the CF value of this factor; thus, the probability of soil erosion in each factor, key underlying influencing factors of soil erosion, and areas of high risk of erosion within the NNNR could be obtained.
Results and Discussion
Calculated Result of the RUSLE Model.
e spatial distribution maps of the RULSE result and its input variables are shown in Figure 5 . e detailed results are described as follows: e average monthly rainfall data of 11 meteorological stations in NNNR (Figure 1) used to compute the rainfall erosivity factor (R-factor) by equation (2) are listed in Table 1 and Figure 5 (b). e R-factor value was between 8181.52 and 14621.56 MJ mm·ha − 1 ·h − 1 ·yr − 1 . e average of R-factor was 12131.28 MJ mm·ha − 1 ·h − 1 ·yr − 1 . e maximum and minimum values of the R-factor appeared in 2009 and 2010, respectively. e R-factor from May to August had relative high value in a year. Meanwhile, a strong significant linear positive correlation was found between R-factor and elevation in the study area. e soil characteristics and soil erodibility K-factor in NNNR are given in Table 2 and Figure 5 (c), from which we could observe that the value of K-factor was ranging from 0.1456 to 0.2384 t ha h·ha − 1 ·MJ − 1 ·mm − 1 , with an average value of 0.1714 t ha h·ha − 1 ·MJ − 1 ·mm − 1 . In further analysis, it was found that the K-factor in this region had a strong correlation with %m s (r � − 0.74) and % m silt (r � +0.68) and less correlation with % m c and % orgC. e calculated LS-factor in NNNR is listed in Table 3 and Figure 5(d) .
e minimum and maximum values of LSfactors were 0 and 612.105, respectively. e low LS-factor value is mainly distributed along the river valley, especially 6 Advances in Civil Engineering in the first-order river. e high LS-factor value mainly lies in the mountainous area which has steep terrain and ridge line, especially in the Ruyang section. e LS-factor could be classified into three classes: 65.76% (383.83 km 2 ) of the area was under 100. LS values between 100 and 200 accounted for 25.01% (145.96 km 2 ). LS value >300 accounted for 9.23% (53.90 km 2 ) of the area (Table 3 ). e value of the normalized difference vegetation index of the NNNR was between − 0.092 and 0.533, and the computed C-factor was in the range 0.1017-1.1827 ( Figure 5(e) ). e calculated longtime average annual soil loss in NNNR by the RUSLE model is shown in Figure 5(a) . e result showed that the range of calculated longtime average Table 4) . From Table 4 , we could observe that approximately 90.17% of the area in the NNNR had negligible erosion loss currently, while none area had very severe or extremely severe erosion and only 0.25% showed severe erosion loss.
Interpretation Results and Ground Truth Checking of RUSLE.
e overall soil erosion area is about 11.91 km 2 , accounting for 2.1% of the study area ( Figure 6 ). According to our fieldworks in NNNR, rill erosion is mainly distributed upstream of the slope, which is relatively discrete and does not form a certain shape, gully erosion is derived from rill erosion and generally connected to the main ditch, forming a strip-like shape, sheet erosion is developed around mountain ridge lines and is distributed in a sheet shape, and humaninduced erosion is mainly distributed within the human activity, such as roads and scenic spots. erefore, based on the terrain slope, geometric shape, and human activity range, the distribution of four types of soil erosion can be further subdivided. e result is that the rill, sheet, gully, and human-induced erosion account for 12.9%, 23.9%, 16.5%, and 46.7% of the land, respectively, seen in Table 5 . e soil erosion types of 32 samples along the elevation gradient in NNNR were identified by the filed investigation. e result showed that the interpreted soil erosion type of 26 in 32 samples is consistent with the field survey results indicating that the error introduced by the interpretation was acceptable. Besides, e soil erosion types of five UAV survey samples were identified by indoor visual interpretation were also used to validate this interpreted result which showed that the error was also acceptable. e validated samples are shown in Figure 7 . erefore, the interpreted result can be used as the actual distribution of soil erosion in NNNR.
After verification of the interpreted results of remote sensing images, we performed ground truth checking of the RUSLE and assessed its performance in application to the NNNR. We first performed a spatial overlay analysis between the RUSLE and interpreted results in ArcGIS 10.1, and we calculated the areas of the four types of soil erosion in the six erosion categories. e result shows that 93.85%, 6.02%, and 0.13% of the soil erosion was classified as negligible, slight, and moderate, respectively, while none was classified as severe, very severe, or extremely severe. It has obvious difference of soil loss class between RUSLE results and the actual situation in NNNR. We then further compared the spatial distributions of the RUSLE results and the actual situation of soil erosion within the NNNR. It was found that despite the overlap in the ranges of the RUSLE results and the actual situation, significant differences between the two spatial distributions were apparent. We considered two examples to illustrate this problem ( Figure 7) : First, for Site A, Figure 7 (a) shows the RUSLE result and Figure 7 (b) shows the actual condition of human-induced erosion in Ruyang section in NNNR. It is evident that the spatial distribution of soil loss has considerable difference between the RUSLE result and actual situation in NNNR. Second, for Site B, Figure 7 (c) shows the slight, moderate, and severe classes derived from the RUSLE and Figure 7(d) shows the actual conditions of the corresponding site, which has good vegetation coverage and no soil erosion actually. Clearly, the categorization of this area as slight, moderate, and severe classes by the RUSLE is unreasonable with regard to actual situation in terms of soil loss class and spatial distribution. e above ground truth checking indicates the spatial distributions and soil loss classes derived from the RUSLE, both have considerable differences compared with the actual situation. us, the performance of the RUSLE is not satisfactory, and it could produce such differences when used to estimate the ecological risks posed by soil erosion in NNNR, which is an area of complex topography manifested as steep slopes and ravines, where intense tourism development has occurred. e application of the RUSLE in such a region warrants greater attention and further discussion. Soil erosion in the NNNR is extremely complex and controlled by various factors, except the factors within the RUSLE. erefore, it is very important to understand the key underlying factors that influence soil erosion prior to erosion modelling.
Analysis of Key Influencing Factors.
e areas of each type of soil erosion according to the interpreted results of soil erosion are listed in Table 2 . e area of the NNNR is 583.68 km 2 ; thus, the values of P S for soil erosion types 1-4, calculated using equation (7) , were 0.0026, 0.0049, 0.0034, and 0.0095, respectively. e classified data classes of each influencing factor and certainty coefficient values of each data class (CF i ) are listed in Table 6 .
According to Table 6 , rill erosion is very serious in areas with an LS value >200, elevation <400 m, flat aspect, R value of 12474.5-14621.6 MJ mm·ha − 1 ·h − 1 ·yr − 1 , distance to drainage networks of 300-400 m, and C value of 0.449-1.181. e slope pattern, K value, lithology, and wind speed are not the key influencing factors for rill erosion, for which the is number is applied in mountainous areas, while the number in parentheses is applied in other areas [46] .
calculated CF values are close to or less than zero. e factors of LS, elevation, aspect, and C have greater impact than other factors on rill erosion. e probability of sheet erosion is very high with an elevation of 1000-1300 m, south aspect, convex slope pattern, K value of 0.207-0.238 t ha h·ha − 1 ·MJ − 1 ·mm − 1 , R value of 12474.5-14621.6 MJ mm·ha − 1 ·h − 1 ·yr − 1 , distance to drainage networks of 300-400 m, 10-min maximum wind speed of 2.85-5.13 m·s − 1 , and C value of 0.339-0.449. erefore, elevation, aspect, slope pattern, K, R, distance to drainage networks, and C are the key factors in uencing sheet erosion within the NNNR. Moreover, the factors of R, distance to drainage networks, and C have greater impact than other factors on sheet erosion. Gully erosion is very serious in areas with an LS value >200, elevation of <400 m, at aspect, concave slope pattern, K value of 0.146-0.177 t ha h·ha − 1 ·MJ − 1 ·mm − 1 , Devonian lithology, R value of 8181.5-10328 MJ mm·ha − 1 ·h − 1 ·yr − 1 , distance to drainage networks of <100 m, and C value of 0.449-1.181. e LS, elevation, aspect, distance to drainage networks, and C have the greater impact than other factors on gully erosion. e probability of human-induced erosion is high with an LS value >200, elevation of 400-700 m, at aspect, at slope pattern, K value of 0.146-0.177 t ha h·ha − 1 ·MJ − 1 ·mm − 1 , Carboniferous lithology, R value of 8181.5-10328 MJ mm·ha − 1 ·h − 1 ·yr − 1 , distance to drainage networks of <100 m, wind speed of 5.13-7.41 m·s − 1 , and C value of 0.449-1.182. Among these factors, LS, elevation, aspect, lithology, R, distance to drainage networks, and C have greater impact than other factors on human-induced erosion.
For each underlying in uencing factor, the in uence degree on di erent types of soil erosion was also found signi cantly di erent (Table 7 ). e factors of LS, elevation, and aspect have strong impact on rill, gully, and humaninduced erosion and they have similar variation trends. e slope pattern is very important for sheet and human-induced erosion. Sheet erosion occurs mainly on convex slopes, whereas human-induced erosion occurs mainly on at slopes. Lithology is also a very important factor in relation to human-induced erosion. If lithology is not considered, the risk of human-induced erosion might be underestimated because lithology is closely related to rock and soil movements, e.g., mudslides and landslides. e Kfactor and wind speed have less in uence than other factors on soil erosion within the NNNR. e distance to drainage networks is a key factor that has strong in uence on all types of soil erosion where the drainage network is relatively developed. e C-factor also has substantial impact on all types of soil erosion; in fact, it is the decisive factor controlling soil erosion.
According to the above analysis, the in uence degree of each factor data class on di erent types of soil erosion in the NNNR can be shown in Table 7 . e results also reveal areas of possible high risk arising from the four types of soil erosion. us, it should be possible to determine appropriate countermeasures to restrict this development in such areas.
Based on the above analysis, we can come to the conclusion that the reason for generating the di erences derived from the RUSLE is that di erent soil erosion types in NNNR had quite di erent in uencing factors, and the RUSLE could not express these di erential factors with its own factors. Advances in Civil Engineering erefore, we suggest the following: (i) the soil erosion type and the key underlying factor influencing each type of soil erosion should be determined prior to erosion modelling, (ii) ground truth checking and the performance of the RUSLE should be tested before implementing any water and soil conservation practices, and, if necessary, the RUSLE should be revised according to its key influencing factors, and (iii) in future soil erosion studies, for reasonable assessment of soil erosion, different erosion models should be established for different types of soil erosion, rather than using a single model for an approximate assessment of all types of soil erosion in a watershed.
Conclusions
is study produced a soil erosion risk map with predicted factors by integrating the RUSLE and GIS data, and tested the performance of the RUSLE via ground truth checking. Innovatively, a probability method was proposed to analyze the occurrence possibility of soil erosion and to elucidate the relationships between four types of soil erosion and the key influencing factors. e results showed substantial differences both in the spatial distribution and soil loss class between the RUSLE and the actual situation. e performance of the RUSLE was not satisfactory because it could produce differences or even errors when used to estimate the ecological risks posed by soil erosion within the NNNR, a region with steep slopes, complex topography, and intense anthropogenic activity. e key influencing factors, such as elevation, aspect, slope pattern, lithology, distance to drainage net, and wind speed as well as RUSLE factors, were selected to analyze their influence degree on different soil erosion types. e result showed that the influence degree of each factor on different types of soil erosion varied markedly. Moreover, the different types of soil erosion were found to have different key influencing factors. e reason for generating the differences derived from the RUSLE is that different soil erosion types in NNNR had quite different influencing factors, and the RUSLE could not express these differential factors with its factors. e results also revealed the variables with disadvantageous effects on soil erosion, and the region has high soil erosion risk. According to such findings, it should be possible to implement appropriate countermeasures to restrict such development in certain areas. In the future studies, we would revise the traditional RUSLE according to the key influencing factors of different types of soil erosion to obtain a map of soil erosion risk within the NNNR that is more reasonable.
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